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NOTES ON THE GEOLOGY OF THE PINTURA 7-1/2 MINUTE QUADRANGLE,
WASHINGTON COUNTY, SOUTHWESTERN UTAH

by
Hugh A. Hurlow

and

Robert F. Biek

INTRODUCTION

The Pintura quadrangle is located in Washington County, southwestern Utah, about 20 miles

(32 km) northeast of St. George and 30 miles (48 km) southwest of Cedar City (figures 1a and 1b).

Although no large towns are presently located within the quadrangle, it is bisected by Interstate 15

and has recently begun to be affected by the nearly 200 percent population increase experienced by

Washington County between 1980 and 1998 (Utah Governor�s Office of Planning and Budget,

2000).  The climate in the Pintura quadrangle is arid; mean annual precipitation varies from less than

12 inches (30.5 cm) near Anderson Junction to about 20 inches (51 cm) in the eastern foothills of

the Pine Valley Mountains (Cordova, 1978).  Several perennial streams flow through the quadrangle,

including Ash Creek, Wet Sandy, and Leeds Creek, whose sources are in the eastern Pine Valley

Mountains, and LaVerkin Creek, whose source is east of the quadrangle (figure 2a).

This pamphlet describes only selected aspects of the geology of the Pintura quadrangle,

including tectonic structures in the context of the regional evolution of southwestern Utah, field
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relations, ages, and geochemistry of Quaternary basalt (map unit Qbp), and some natural resources.

More comprehensive descriptions of the geology of the Pintura quadrangle, and the stratigraphic

units exposed therein, can be found in Dobbin (1939), Gregory and Williams (1947), Cook (1957,

1960), Kurie (1966), Rowley and others (1979), Stewart and others (1997), Biek (1997, 1998),

Hurlow (1998), and Pearthree and others (1998).

TECTONIC SETTING

The Pintura quadrangle is in the transition zone between the Basin and Range and Colorado

Plateau geologic provinces (figure 1b; Best and Hamblin, 1978; Scott and Swadley, 1995;

Maldonado and Nealey, 1997).  The Basin and Range Province is characterized by superposition of

Cenozoic volcanism and normal faulting on Mesozoic contractional structures.  The Mesozoic

structures are part of the Cordilleran thrust belt, which deformed Paleozoic and Mesozoic carbonate

and siliciclastic strata of the Cordilleran miogeocline (Armstrong, 1968; Royse and others, 1975;

Allmendinger, 1992; Willis, 1999).  The Colorado Plateau is underlain by strata deposited east of

the Cordilleran hinge line, and is typically structurally simpler than the Basin and Range Province.

The transition zone contains structural and stratigraphic characteristics of both provinces.
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Topographic uplift in eastern Nevada and western Utah, driven by thrust faulting and folding

in the Cordilleran thrust belt, led to deposition of the fluvial Iron Springs Formation (map unit Kis)

in southwestern Utah during Late Cretaceous time (Fillmore, 1991; Goldstrand, 1994).

Contractional deformation migrated eastward into southwestern Utah during latest Cretaceous to

early Paleocene time, forming: (1) in the Pintura quadrangle, the Pintura and Kanarra anticlines, an

intervening syncline (not exposed), and thrust faults that cut the eastern limb of the Kanarra anticline

(cross section A-A�; figure 2b; Gregory and Williams, 1947; Cary, 1963; Kurie, 1966); (2) the Virgin

anticline southwest of the Pintura quadrangle (figure 1a; Dobbin, 1939); and (3) several thrust faults

and folds in the Cedar City area north and northeast of the quadrangle (figure 1a; Threet, 1963; van

Kooten, 1988).  The late Campanian-early Paleocene Canaan Peak Formation (map unit TKcp) was

deposited during the waning stages of contractional deformation, and the Paleocene-Eocene Claron

Formation (map units Tcl and Tcu) was deposited after deformation had ceased (Taylor, 1993;

Goldstrand, 1994).  In the Pintura quadrangle, the Canaan Peak Formation comprises fluvial

conglomerate deposited on the hinge zone of the Pintura anticline; this formation was only recently

identified in the eastern Pine Valley Mountains (R.E. Anderson in Goldstrand, 1992), and is more

extensively exposed in south-central Utah (Bowers, 1972; Goldstrand, 1994).
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GEOLOGIC EVOLUTION AND STRUCTURES

The north-trending Pintura anticline is best exposed in the north-central part of the Pintura

quadrangle, where it plunges north and is cored by the Navajo Sandstone (map unit Jn) at present

exposure levels (figure 2b; Carey, 1963).  Where the Canaan Peak Formation unconformably

overlies the Navajo Sandstone on the hinge zone of the Pintura fold, over 4,000 feet (1,220 m) of

stratigraphic section, including all of the Late Cretaceous Iron Springs Formation, were removed by

erosion.  The Pintura anticline formed between early and late Campanian time (about 84 to 72 Ma),

the youngest known age of the Iron Springs Formation and the oldest known age of the Canaan Peak

Formation, respectively (Goldstrand, 1992, 1994), but both dates are poorly constrained and are

derived from outside the quadrangle.  The Paleocene-Eocene Claron Formation was deposited on

the inactive, erosionally beveled Pintura fold, as demonstrated in the northern part of the Pintura

quadrangle and the adjacent Signal Peak quadrangle where, from east to west, it unconformably

overlies the Navajo Sandstone, Canaan Peak Formation, Carmel Formation (map units Jcpr, Jccc,

and Jcco), and Iron Springs Formation on the west limb of the anticline.

The Kanarra anticline strikes northeast and is exposed along the Hurricane Cliffs in the east-

central part of the Pintura quadrangle, where it folds Permian and Triassic units in present exposures,

and continues 30 miles (48 km) north to Cedar City (figures 1a and 2b; Gregory and Williams, 1947;
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Threet, 1963; Averitt and Threet, 1973; Kurie, 1966).  The east limb of the Kanarra anticline

generally dips from 20 to 60 degrees east and is well exposed.  The Kanarra anticline�s west limb

dips up to 70 degrees west, and is discontinuously exposed along the Hurricane Cliffs due to erosion

and truncation by the Hurricane fault.  Grant and others (1994) depicted the Kanarra anticline as a

fault-propagation fold, related to an east-directed thrust fault in the subsurface.

The east limb of the Kanarra anticline is cut by the west-directed Taylor Creek thrust fault

that, in the best exposures at the south end of the Hurricane Cliffs, places the Lower Permian Fossil

Mountain Member of the Kaibab Formation over the Lower Triassic lower red member of the

Moenkopi Formation.  In the hanging wall of the Taylor Creek thrust fault in the eastern half of

section 13, T. 40 S., R. 13 W., the lower Moenkopi and Kaibab Formations are overturned, and the

middle red member of the Moenkopi Formation is tightly folded into a series of northeast-trending

anticlines and synclines.  Several smaller east- and west-directed thrust faults displace the Virgin

Limestone and middle red members of the Moenkopi Formation in the upper plate of the main thrust

fault.  We interpret this overturning and small-scale folding as the result of deformation in the

footwall of an east-directed thrust fault (cross section A-A�).

During Oligocene to Quaternary time, volcanism and extensional faulting dominated the

tectonic setting of southwestern Utah.  Oligocene to early Miocene calc-alkalic ash-flow tuff,

breccia, and flows covered most of southwestern Utah; their source areas were primarily the Indian
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Peak and Caliente caldera complexes in western Utah and eastern Nevada, though local sources were

also active in the Bull Valley Mountains, about 14 miles (23 km) west-northwest of Pintura (figure

1a; Cook, 1960; Mackin, 1960; Rowley and others, 1979; Rowley and others, 1995; McKee and

others, 1997).

Monzonite laccoliths of the �iron axis� were emplaced around 21 Ma, including the Pine

Valley laccolith (map unit Tip), part of which crops out in the Pintura quadrangle (figure 1a; Cook,

1957, 1960; Blank and others, 1992; McKee and others, 1997; Hacker, 1998).  The Pine Valley

laccolith chiefly intruded the middle part of the Claron Formation (Cook, 1957,  1960; Hacker,

1998), but it also intruded the lower part of the Iron Springs Formation in the Pintura quadrangle.

Volcanic flows formed where the intrusion breached the surface (Cook, 1957; Hacker, 1998); small

exposures of these flows are exposed in the northern part of the Pintura quadrangle (map unit Tvp).

Intrusion of the Pine Valley laccolith uplifted the land surface, resulting in emplacement of large

landslides that moved from the uplifted roof of the intrusion to topographically lower areas (Cook,

1957; Blank and others, 1992; Hacker, 1998).  These landslides are represented by megabreccia

deposits exposed north and west of the Pine Valley Mountains (Cook, 1957; Blank and others, 1992;

Hacker, 1998); such deposits presumably once covered much of the Pintura quadrangle, but have

since been removed by erosion or are now covered by younger deposits.  However, a small erosional

remnant of one of these megabreccia deposits may crop out in the northwestern part of section 2, T.

40 S., R. 13 W. in the Pintura quadrangle, but meager exposures preclude a firm interpretation.
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Relatively minor normal faulting and crustal extension accompanied the eruption of

Oligocene and Miocene calc-alkaline volcanic rocks in eastern Nevada and western Utah (Best and

Christiansen, 1991; Rowley and others, 1995).  More significant crustal extension, manifested by

steeply dipping normal faults and bimodal basaltic and rhyolitic volcanism, began in southwestern

Utah during late Miocene time, after emplacement of the iron axis intrusions (Anderson and

Mehnert, 1979).  Numerous steeply dipping normal faults cut the hinge zone and west limb of the

Pintura anticline in the Pintura quadrangle.  These faults moved mainly between about 21 Ma and

latest Pleistocene time, because they cut the monzonite of the Pine Valley Mountains but either do

not cut Pleistocene-age alluvial fans (map unit Qafo) or displace them significantly less than they

do older units.  The largest of these faults dips steeply east and is discontinuously exposed along the

eastern margin of the Pine Valley Mountains; it juxtaposes a hanging wall composed of the upper

part of the Navajo Sandstone and the overlying Canaan Peak and Claron Formations and monzonite

of the Pine Valley Mountains, against a footwall composed of the lower part of the Navajo

Sandstone, a stratigraphic separation of about 500 feet (152 m).

The Hurricane fault is a late Tertiary-Quaternary age, west-side-down normal fault that

strikes north to northeast and can be traced for about 160 miles (250 km) from the Grand Canyon,

Arizona, to Cedar City, Utah (figures 1a and 2b; Huntington and Goldthwait, 1904; Dobbin, 1939;

Gardner, 1941; Hamblin, 1965; Kurie, 1966; Anderson and Mehnert, 1979; Hamblin and others,

1981; Anderson and Christenson, 1989; Stewart and Taylor, 1996; Pearthree and others, 1998).  The
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Hurricane fault forms the western boundary of the rugged Hurricane Cliffs, which are an eroded

fault-line scarp in its footwall.  The Hurricane fault consists of relatively straight, narrow segments

separated by relatively sharp bends (Stewart and Taylor, 1996; Stewart and others, 1997; Biek, 1998;

Lund and Everitt, 1998; Higgins, in prep.).  The straight segments, referred to as geometric segments

by Stewart and Taylor (1996) and as sections by Pearthree and others (1998), are delineated based

on the geometry of the fault trace, not rupture history.  These geometric segments (sections) are

about 6 to 25 miles (10-40 km) long and consist of closely spaced, steeply dipping, sub-parallel

normal faults.  The bends, referred to as geometric segment boundaries by Stewart and Taylor (1996)

and section boundaries by Pearthree and others (1998), consist of broad, structurally complex zones

of faulting and folding (Stewart and Taylor, 1996; Stewart and others, 1997).  The Pintura

quadrangle contains the southern part of the Ash Creek geometric segment (section) of the Hurricane

fault and part of its southern geometric segment (section) boundary (figure 2b; Stewart and Taylor,

1996; Biek, 1998;  Lund and Everitt, 1998; Higgins, in prep.).

Estimates of the timing and amount of displacement on the Hurricane fault vary, although

it is generally accepted that stratigraphic separation increases from south to north (Gardner, 1941;

Kurie, 1966; Anderson and Mehnert, 1979; Stewart and others, 1997).  Most workers think that

displacement on the Hurricane fault began no earlier than early Miocene time, and Anderson and

Mehnert (1979) suggested that motion did not begin until latest Pliocene or Pleistocene time.
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Attempts to estimate tectonic throw on the Hurricane fault are greatly complicated by

deformation near the fault trace, and by the fact that the fault cuts and modifies the hinge zone and

west limb of the Kanarra anticline (Hamblin, 1965; Kurie, 1966; Anderson and Mehnert, 1979;

Anderson and Christenson, 1989).  In the Pintura quadrangle, Stewart and Taylor (1996) measured

about 1,480 feet (450 m) of stratigraphic separation of geochemically correlated Quaternary basalt

exposures in the hanging wall and footwall, as mentioned above.  For pre-Tertiary rocks, Stewart

and Taylor (1996) estimated about 8,250 feet (2,520 m) of stratigraphic separation and Hurlow

(1998) illustrated about 2,800 to 5,000 feet (850-1,524 m) of stratigraphic separation on the southern

part of the Ash Creek segment of the Hurricane fault.  Reconstruction of the footwall geology of the

Hurricane fault above the present land surface on cross section A-A� indicates throw of about 8,000

feet (2,438 m) on the base of the Shinarump Conglomerate Member of the Chinle Formation (unit

TRcs), due to the combined effects of displacement on the Hurricane fault, and reverse drag and

normal faulting in its hanging wall.  This estimate depends strongly on assumptions about the

geometry of eroded parts of the Kanarra anticline, the subsurface shape of the Hurricane fault, and

the subsurface geometry of the syncline between the Pintura and Kanarra anticlines.

Deformation of the hanging wall of the Hurricane fault in the Pintura quadrangle is extensive.

Quaternary basalt adjacent to the fault trace is folded into an open anticline, as demonstrated by map

relations, and by paleomagnetic data discussed below (Hamblin, 1965; M. Hozik, Richard Stockton

College, in Lund and Everitt, 1998).  This fold is locally cut by numerous normal faults.  Stewart
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and Taylor (1996) described a small reverse fault and anticline in Quaternary basalt within the

segment boundary in the southern part of the Pintura quadrangle.  Anderson and Christenson (1989)

and Lund and Everitt (1998) documented several east-side-down fault scarps in Quaternary basalt

and Pleistocene alluvial fans (map unit Qafo) between the Hurricane fault and the eastern Pine

Valley Mountains, and named this region the Ash Creek graben (figure 2b).

Cross section A-A� illustrates many aspects of the structure of the Pintura quadrangle

described above, including the Kanarra and Pintura anticlines and the intervening buried syncline,

the Taylor Creek thrust and related faults, and the Hurricane fault and the faulting and reverse drag

in its hanging wall.  Several features in cross section A-A� are poorly constrained.  The geometry of

the Hurricane fault is based on cross sections drawn by Hamblin (1965), and is confirmed in part by

a single exposure in the northeastern part of the Pintura quadrangle, and by exposures in the

Hurricane quadrangle south of the Pintura quadrangle that indicate that the fault dips 65 to 75

degrees near the surface (Biek, 1998).  The geometry of the eastern limb of the Pintura anticline and

of the adjacent syncline are also speculative, because no outcrops or subsurface data are available

to constrain the location, shape, or magnitude of these structures.  All folds in cross section A-A�

were constructed using the kink-band method (Suppe and Medwedeff, 1990), maintaining constant

stratal thickness.  The structure of Tertiary rocks in the hanging wall of the Hurricane fault is based

on downdip projection of the Claron Formation, which dips about 30 degrees east in its easternmost

exposures.  This approach creates about 2,000 vertical feet of �open space� between the top of the
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Claron Formation and the base of Quaternary basalt in the subsurface.  This open space is filled

chiefly by assuming that Miocene volcanic rocks and monzonite of Pine Valley are present above

the Claron Formation.  Several water-well logs (table 1 and figure 2a) provide minimum estimates

of the subsurface thickness of unconsolidated deposits and Quaternary basalt in the hanging wall of

the Hurricane fault.

QUATERNARY BASALT

Quaternary basalt that crops out on both the hanging wall and footwall of the Hurricane fault

in southwestern Utah and northwestern Arizona is useful in analyzing the displacement history and

style of the Hurricane fault and the geomorphic evolution of the region (Hamblin, 1963, 1965;

Anderson and Mehnert, 1979; Hamblin and others, 1981; Anderson and Christenson, 1989; Stewart

and Taylor, 1996; Pearthree and others, 1998; Willis and others, 1999).  A project combining

geochemical, geochronologic, and paleomagnetic investigations of Quaternary basalt adjacent to the

Hurricane fault is in progress by workers from the Utah Geological Survey, Arizona Geological

Survey, Southern Utah University, and Richard Stockton College (New Jersey).  Pearthree and

others (1998) presented the preliminary results of this study, which are briefly summarized here.
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Geochemical and petrographic studies indicate that all of the basalt in the Pintura quadrangle

erupted from a common source, termed the Pintura volcanic field, whose eruptive center is located

just west of Interstate 15 in the southern New Harmony quadrangle (figure 1a; Grant, 1995; Lund

and Everitt, 1998; S. Hatfield, Southern Utah University, written communication, July 14, 2000).

The basalt cooling units in the Pintura volcanic field can be subdivided into three distinct

geochemical groups, each of which is distributed throughout the quadrangle and is present on both

sides of the Hurricane fault (Lund and Everitt, 1998; S. Hatfield, Southern Utah University, written

communication, July 14, 2000).

Basalt cooling units exposed on the hanging wall and footwall of the Hurricane fault in the

southern part of the Pintura quadrangle have been geochemically correlated and dated.  Stewart and

Taylor (1996) and Lund and Everitt (1998; samples BRN and ACS, plate 1) reported nearly identical

geochemical results for basalt on either side of the Hurricane fault, demonstrating that these flows

were offset about 1,480 feet (450 m) by fault displacement.  A sample taken from the uppermost

cooling unit on the hanging wall (sample ACG-1, plate 1), yielded an 40Ar/39Ar whole-rock age of

810 + 10 ka (W. Lund, Utah Geological Survey, written communication, July 14, 2000). Two

samples of basalt located north of the Pintura quadrangle, one from the hanging wall and one from

the footwall of the Hurricane fault, yielded 40Ar/39Ar whole-rock ages of 840 + 30 ka and 880 + 50

ka, respectively (Lund and Everitt, 1998).  These two samples have nearly identical geochemistry

and are offset about 1,102 feet (336 m) by the Hurricane fault (Lund and Everitt, 1998).
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Paleomagnetic data indicate that basalt in the hanging wall of the Hurricane fault, in sections

14, 23, and 26 of T. 40 S., R. 13 W., has been tilted about 10 to 25 degrees toward the fault (M.

Hozik in Lund and Everitt, 1998).  These results agree with the conclusions of Hamblin (1965) that

reverse drag, related to the curvature of the Hurricane fault, is an important aspect of deformation

of its hanging wall and complicates estimates of tectonic throw on the fault.

ECONOMIC RESOURCES

Water is perhaps the most important and valuable resource in the Pintura quadrangle,

considering the rapid population growth and arid climate of Washington County.  Wells and springs

in the quadrangle are shown on figure 2a and are listed in tables 1 and 2.  Toquerville Springs

provides culinary water to several public-supply entities.  A well drilled by Washington County

Water Conservancy District southwest of Anderson Junction in section 28, T. 40 S., R. 13 W. (well

15, table 1) produces water from the Navajo Sandstone.  An aquifer test conducted by the U.S.

Geological Survey yielded transmissivity estimates of 18,000 square feet per day (1,672 m2/day) and

900 square feet per day (84 m2/day) from two observation wells, each located about 380 feet (116

m) but in different directions from the pumping well (Heilweil and others, 2000).  Their results
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indicate strongly anisotropic hydraulic conductivity in the Navajo Sandstone, resulting from a dense

array of joints and faults that cut the unit (Cordova, 1978; Hurlow, 1998; Heilweil and others, 2000).

Fractures are abundant in the Navajo Sandstone throughout the Pintura quadrangle, and likely

formed during both Cretaceous folding and Tertiary-Quaternary normal faulting.

Several oil-test wells are located in the Pintura quadrangle (figure 2a; table 3); none produced

significant shows of oil or natural gas.  Numerous gravel pits are located in alluvial fans derived

from the Pine Valley Mountains and Hurricane Cliffs.  The old town site and several shafts of the

Silver Reef mining district are located in the southwest corner of the quadrangle.  Biek (1997, 1998)

reviewed the geology and history of the Silver Reef mining district and listed additional references.
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DESCRIPTION OF MAP UNITS

QUATERNARY

Alluvial deposits

Qa Alluvial deposits - Poorly to well-sorted boulder to pebble gravel, sand, silt, and clay

deposited in stream channels and flood plains and on alluvial fans at the mouths of small

tributary drainages; mapped where stream and alluvial-fan deposits are too small to

differentiate.  Up to 15 feet (5 m) thick.

Qal1 Stream deposits - Moderately to well-sorted gravel, sand, silt, and clay; includes channel,

flood-plain, local small alluvial-fan and colluvial deposits, and stream-terrace deposits less

than 10 feet (<3 m) above modern base level.  Up to 25 feet (8 m) thick.

Qat2-6 Stream-terrace deposits - Moderately to well-sorted alluvial gravel, sand, silt, and clay;

forms isolated, level to gently sloping surfaces above modern drainages; subscript denotes

relative age and height above modern drainages; level 2 deposits (youngest) are about 10 to

30 feet (3-9 m), level 3 deposits are about 30 to 55 feet (9-17 m), level 4 deposits are about

55 to 95 feet (17-29 m), level 5 deposits are about 95 to 130 feet (29-40 m), and level 6

deposits (oldest) are over 130 feet (40 m) above adjacent streams.  These terrace levels are
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probably not directly correlative across the Hurricane fault zone.  Deposited principally in

stream-channel and flood-plain environments.  Up to 30 feet (9 m) thick.

Qalo1-3 Older stream deposits - Moderately to well-sorted alluvial gravel, sand, silt, and clay;

chiefly channel deposits; mapped adjacent to a small, unnamed wash in the south-central part

of the quadrangle; gradational with deposits of unit Qafo to the north; subscript denotes

relative age and height above modern drainages; level 1 (youngest) deposits are about 10 feet

(3 m), level 2 deposits are about 20 to 30 feet (6-9 m), and level 3 deposits (oldest) are about

30 to 55 feet (9- m) above adjacent streams.  Up to about 20 feet (6 m) thick.

Qago Older stream gravel - Well-sorted pebble gravel, exposed as small erosional remnants at

about 6,700 feet (2,042 m) elevation in the northwestern part of the quadrangle; clasts are

rounded and include quartzite, chert, and monzonite of the Pine Valley Mountains; probably

deposited in gravel bars.  Up to about 10 feet (3 m) thick.

Qaf1-2 Alluvial-fan deposits - Poorly sorted, boulder- to clay-size sediment deposited at the base

of the Hurricane Cliffs and locally at the mouths of active drainages; clast composition varies

widely and reflects lithologies of local upstream drainage basins; subscript denotes relative

age and height above modern drainages; level 1 fan deposits (youngest) form active

depositional surfaces, whereas level 2 fan deposits (oldest) are deeply incised and now lie
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up to 50 feet (15 m) above modern channels.  Up to about 150 feet (46 m) thick.

Qafo Older alluvial-fan deposits - Poorly sorted, subangular to subrounded boulders, gravel,

sand, and silt; most clasts are derived from the monzonite of Pine Valley, some of which are

up to 20 feet (6 m) in diameter; other clast types include rounded, iron-stained quartzite

pebbles, and clasts from Claron, Iron Springs, Carmel, and Navajo strata.  Deposited on

broad, gently east- to southeast-sloping surfaces at the base of the Pine Valley Mountains

that are deeply incised by modern drainages.  Up to about 150 feet (46 m) thick.

Artificial deposits

Qf Artificial fill - Engineered fill used to create the roadbed of Interstate 15 and, locally,

adjacent frontage road, and a single exposure of general borrow material used to create a

level drilling platform; although we mapped only the larger deposits, fill should be

anticipated in all built-up areas, many of which are shown on the topographic base map.  Up

to several tens of feet thick.

Colluvial deposits

Qc, Qco

Colluvial deposits - Poorly to moderately sorted, locally derived, gravel, sand, and soil

obscuring bedrock; locally includes talus and alluvial deposits; deposited by slope wash, soil
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creep, and minor debris flows on moderate slopes; where present below unit Qafo, contains

Pine Valley monzonite boulders up to 20 feet (6 m) in diameter; older colluvial deposits

(Qco) form deeply incised, largely inactive surfaces; generally less than 10 feet (3 m) thick.

Eolian deposits

Qes Eolian sand deposits - Well- to very-well sorted, fine- to medium-grained quartz sand,

typically present at the base of steep outcrops or in areas of extensive exposures of Navajo

Sandstone, from which they are derived.  Generally less than about 15 feet (5 m) thick.

Mass-movement deposits

Qmt, Qmto

Talus deposits - Poorly sorted, angular boulders and lesser fine-grained interstitial

sediments; locally derived material deposited principally by rockfall on and at the base of

steep slopes; locally includes and is gradational with colluvial deposits; older talus deposits

(Qmto) form deeply incised, largely inactive surfaces.  These deposits are generally less than

about 40 feet (12 m) thick.

Qmsy, Qmso

Landslide deposits - Poorly sorted, clay- to boulder-sized, locally derived material deposited

by rotational and translational processes.  Younger deposits (Qmsy), including historically
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active landslides, are characterized by hummocky topography, numerous, subdued internal

scarps, and chaotic bedding attitudes.  Older deposits (Qmso) are deeply incised by active

stream channels and their head scarps and hummocky topography have been extensively

modified by erosion.  Slip surfaces of both units are principally in the Moenkopi, Chinle, and

Iron Springs Formations.  Thickness highly variable.

Qmfo Debris-flow deposits - Poorly sorted, chaotic mixture of gravel and boulders in clay- to

sand-sized matrix; extensively modified by erosion, locally overlain by younger alluvial and

eolian deposits, and deeply dissected by modern stream channels; deposits in Dry Sandy

wash are up to 50 feet (15 m) thick and are composed entirely of Iron Springs Formation

clasts; deposits in Grapevine Wash are about 3-10 feet (1-3 m) thick and are composed

entirely of Carmel Formation clasts.

Mixed-environment deposits

Qac Alluvial and colluvial deposits - Poorly to moderately sorted, clay- to boulder-size

sediments deposited in swales and small drainages; gradational with both alluvial and

colluvial deposits.  Generally less than about 20 feet (6 m) thick.

Qafc Alluvial-fan and colluvial deposits - Poorly to moderately sorted, angular to subrounded

clay, silt, sand, pebbles, cobbles; alluvial-fan deposits dominant; locally derived and
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deposited on slopes below outcrop areas and in swales and small drainages; mapped where

deposits are either gradational or interbedded at too fine a scale to map individually.  Varies

from about 10 to 30 feet (3-10 m) thick.

Qcaf Colluvial and alluvial-fan deposits - Poorly to moderately sorted, angular to subrounded

clay, silt, sand, pebbles, and cobbles; colluvial deposits dominant; locally derived and

deposited on slopes below outcrop areas and in swales and small drainages; mapped where

deposits are either gradational or interbedded at too fine a scale to map individually. Varies

from about 10 to 30 feet (3-10 m) thick.

Qae, Qaec

Alluvial and eolian deposits - Poorly to moderately sorted gravel, sand, and silt deposited

in fans and channels; well-sorted, fine- to medium-grained eolian sand forming dunes;

alluvial-fan deposits dominant; mapped where deposits are either gradational or interbedded

at too fine a scale to map individually.  Qaec has white to pale gray caliche, up to 3 feet (1

m) thick.  Varies from about 10 to 30 feet (3-10 m) thick.

Qea Eolian and alluvial deposits - Well-sorted, fine- to medium-grained eolian sand forming

dunes; poorly to moderately sorted gravel, sand, and silt deposited in fans and channels;

eolian deposits dominant; mapped where deposits are either gradational or interbedded at too
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fine a scale to map individually.  Varies from about 10 to 30 feet (3-10 m) thick.

Qeca Eolian and alluvial deposits with thick carbonate soil on basalt flow - Thin cover of

ancestral Ash Creek gravels on top of Pintura flows, partly concealed by eolian silt and sand;

includes well-developed pedogenic carbonate.  Generally less than a few feet thick.

Stacked-unit deposits

Qe/Qafo  

Eolian sand over older alluvial-fan deposits - Well-sorted eolian sand deposits over      

older alluvial-fan deposits; mapped where eolian deposits are too thin or too small to show

separately.

Qa/Qafo 

Alluvium over older alluvial-fan deposits - Moderately to well-sorted stream and alluvial-

fan deposits, reworking older alluvial-fan deposits; mapped where younger alluvial channels

are too small to show individually.

Basaltic flows

Qbp Pintura flows - Medium- to dark-gray basalt with fine- to medium-grained phenocrysts of
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olivine + plagioclase; groundmass contains microscopic plagioclase + pyroxene + olivine

and glassy to microcrystalline material; cooling units typically have highly vesicular tops and

brecciated bases; erupted from the Pintura volcanic center, located north of the Pintura

quadrangle in sections 24 and 25, T. 39 S., R. 13 W.; yielded 40Ar/39Ar whole-rock ages of

840 + 30 ka, 880 + 50 ka, and 810 + 10 ka (Lund and Everitt, 1998; W.R. Lund, written

communication, July 14, 2000); individual cooling units are generally 3 to 20 feet (1-6 m)

thick; total accumulations up to 1,140 feet (348 m) thick.

unconformity

TERTIARY

Tvp Pine Valley latite - Medium to pale gray volcanic breccia composed of angular clasts of

latite in highly brecciated, glassy groundmass of same composition; latite clasts contain

medium- to coarse-grained phenocrysts of plagioclase, sanidine, and pyroxene.  The latite

overlies the monzonite of the Pine Valley Mountains in section 35 of T. 39 S., R. 13 W., and

overlies an angular unconformity above a possible gravity-slide mass composed of steeply

dipping, highly fractured Claron and Leach Canyon Formations and Bauers Tuff Member

of Condor Canyon Formation just north of Dry Wash, in the northwest part of section 2 of

T. 40 S., R. 13 W.  Approximately 100 feet (30 m) thick.
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Tip Monzonite of the Pine Valley Mountains - Medium-gray, varying to orange-, lavender-,

and green-gray, monzonite with medium- to coarse-grained phenocrysts of plagioclase,

clinopyroxene, biotite, sanidine, and orthopyroxene; groundmass is composed of fine-grained

to microscopic plagioclase and pyroxene crystals and cryptocrystalline material.  Forms sills

intruding the middle part of Claron Formation or the lower part of Iron Springs Formation.

Up to 450 feet (137 m) thick in map area; upper contact is not exposed.

West of the Pintura quadrangle in the Pine Valley Mountains, the monzonite of the

Pine Valley Mountains forms a laccolith, up to 3,330-foot-thick (1,000 m), that intruded the

Claron Formation (Cook, 1957, 1960; Hacker, 1998).   McKee and others (1997) reported

a concordant, early Miocene K-Ar age of 20.9 + 0.6 Ma on biotite for a sample from the

central part of the laccolith, located about 6 miles (9 km) west-northwest of Pintura.

unconformity

Tccb Bauers Tuff Member of Condor Canyon Formation - Dense, resistant, reddish-brown to

pinkish-red welded ash-flow tuff, with medium- to fine-grained phenocrysts of plagioclase,

biotite, and quartz; matrix is microcrystalline to cryptocrystalline, with conspicuous, pale

gray fiamme.  Just north of Dry Wash, in the northwest part of section 2 of T. 40 S., R. 13

W., the Bauers Tuff Member is possibly part of a large gravity-slide mass that is largely

obscured by younger deposits.  McKee and others (1997) reported an early Miocene K-Ar
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age of 22.6 + 0.6 Ma on biotite from a sample of the Bauers Tuff from the Bull Valley

Mountains, about 14 miles (22 km) west of Pintura.  About 40 feet (12 m) thick.

Tl Leach Canyon Formation - Pale pink to pinkish-gray welded ash-flow tuff with medium-

to coarse-grained phenocrysts of plagioclase, quartz, and biotite; matrix composed of

microcrystalline to cryptocrystalline material with angular fragments of red, gray, and pale

green tuff with fine-grained phenocrysts of plagioclase, quartz, and biotite; vesicles range

from roughly spherical to flattened, and are lined with white secondary minerals and

surrounded by pale gray to white alteration halos.  Just north of Dry Wash, in the northwest

part of section 2 of T. 40 S., R. 13 W., the Leach Canyon Formation is part of a possible

gravity-slide mass that is largely obscured by younger deposits.  Armstrong (1970) reported

a K-Ar age of about 24 million years on biotite from a sample of the Leach Canyon

Formation.  About 100 feet (30 m) thick.

unconformity

Tbh(?) Brian Head Formation(?) - Interbedded sandstone, shale, and volcanic tuff; sandstone is

medium-gray to greenish-gray, medium- to fine-grained, tuffaceous litharenite to

sublitharenite; mudstone and shale are pale olive gray to pale gray to reddish brown, with

moderately to poorly defined lamination; tuff is moderately indurated with orange-pink,
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microcrystalline to cryptocrystalline groundmass and fine- to medium-grained sanidine,

plagioclase, quartz, and biotite phenocrysts.  About 30 feet (9 m) thick.

A single outcrop of these rocks is present in a stream-cut bank of Dry Wash in section

34, T. 39 S., R. 13 W.  These rocks are tentatively correlated with the Brian Head Formation

based on their position above the Claron Formation, and on their similarity to exposures in

the west-central Red Hills, about 22 miles (35 km) north-northeast of Cedar City, Utah.  The

rocks in the Red Hills were mapped by Maldonado and Williams (1993a, 1993b) as the

informally named �sedimentary and volcanic rocks of Red Hills,� and they were incorporated

into the Brian Head Formation (revised) by Sable and Maldonado (1995).  The Brian Head

Formation (revised) is late Eocene to middle Oligocene in age, based on radiometric ages of

ash-flow tuffs from the upper part of the formation and overlying units, and on palynological

ages from the underlying Claron Formation (Sable and Maldonado, 1997).

Claron Formation

Tcu Upper member - White to pale gray, resistant limestone interbedded with pale gray to

pinkish-gray, clay-rich mudstone; limestone has moderately well- to poorly defined bedding,

and includes unfossiliferous micrite, fine-grained bioclastic calcarenite, and pelletal

calcarenite; calcite-filled veins are common.  Deposited in fluvial and lacustrine

environments (Taylor, 1993).  The contact between the lower and upper members is mapped

where gray to pinkish-gray mudstone of the upper member overlies bright red-orange
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mudstone of the lower member.  The Claron Formation is late Paleocene to late Eocene(?)

or early Oligocene in age, based on paleontological and palynological data (Goldstrand,

1994), but the age of the contact between the upper and lower members is not known.  About

520 feet (159 m) thick.

Tcl Lower member - Interbedded mudstone, siltstone, sandstone, conglomerate, and limestone;

mudstone is orange-red to red-brown and clayey to silty, and contains thin beds of resistant,

reddish-brown siltstone; sandstone is tan to brown, medium- to coarse-grained, cross-bedded

to structureless litharenite; sandstone grades into, or is locally incised by, limestone-

quartzite-chert-clast pebble conglomerate that is clast-supported, very thick bedded, in

discrete channels about 3 feet (1 m) or less thick.  The lower to middle part of the lower

member contains very resistant micrite with sparse shell fragments that is stained orange,

pink, tan, lavender, and yellow; bedding is poorly defined and 2 to 5 feet (0.6-1.5 m) thick;

contains vugs about 0.5 to 1 inches (1.3-2.5 cm) in diameter, filled with coarse crystalline

calcite and surrounded by a yellow alteration halo.  The upper part of the lower member

contains medium gray, resistant micrite to calcarenite with moderately to well-defined,

medium to thin bedding; bivalve shell fragments are common; many layers contain pellets

and/or oncolites and calcite-filled veins and vugs.  The base of the lower member is late

Paleocene in age (Goldstrand, 1994).  About 1,090 feet (332 m) thick.
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TERTIARY-CRETACEOUS

TKcp Canaan Peak Formation - Conglomerate with minor interbedded sandstone and mudstone;

conglomerate is reddish brown, contains pebble- to cobble-sized, rounded clasts of quartzite,

welded volcanic tuff, chert, and sandstone, is clast-supported, and is typically structureless

although faint pebble imbrication is locally present.  Clasts include tan, purple, gray, rusty

brown, and black, structureless to cross-bedded quartzite; sandstone that is pale gray to tan-

gray, fine- to medium-grained, and well-cemented; and welded tuff containing medium- to

fine-grained feldspar (altered) and quartz phenocrysts in a gray, pale green, orange-tan, or

purple-brown, devitrified groundmass, which Goldstrand (1992) correlated with Jurassic

volcanic rocks exposed in southeastern California.  The sandstone is reddish-brown,

medium- to coarse-grained, structureless to weakly laminated litharenite in 0.5- to 1-foot-

thick (0.2-0.3 m) beds.  The mudstone is present at the base and near the top of the

formation, and is reddish brown and finely laminated.

The Canaan Peak Formation in the Pintura quadrangle is preserved in paleochannels

on the Navajo Sandstone (Goldstrand, 1992) along the crest of the Pintura anticline.

Palynomorphs collected from the Table Cliff plateau in south-central Utah indicate a late

Campanian to early Paleocene age (Goldstrand, 1994).  Thickness ranges from 0 to 119 feet

(0-36 m).

unconformity
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CRETACEOUS

Kis Iron Springs Formation - Interbedded mudstone, sandstone, conglomerate, and thin sandy

coquina beds, in order of decreasing abundance.  The lower ~100 feet (~30 m) of the

formation consists of red to gray mudstone with a single, 1- to 30-foot-thick (0.3-10 m) layer

of conglomerate and coarse sandstone; the remainder consists of interbedded sandstone and

mudstone, with rare beds of conglomerate and sandstone-matrix coquina.

The mudstone ranges from tan, medium gray, greenish gray, to reddish gray, and is

weakly laminated to structureless.  The sandstone is tan to brown, locally altered to white or

reddish brown, fine to coarse grained, and weakly laminated to planar or trough cross-

bedded, with highly contorted laminations and small wood fragments; composition ranges

from quartz arenite to litharenite (Goldstrand, 1992; Fillmore, 1991).  The conglomerate

contains rounded to subrounded, moderately to well-sorted pebble- to cobble-size clasts of

quartzite, limestone, lithic fragments, and chert, in decreasing order of abundance.  The

coquina beds are tan to medium brown, 0.5 to 1 foot (0.2-0.3 m) thick, and contain

disarticulated, broken bivalve and gastropod shells in a medium-grained sand matrix.

Deposited in a sandy braidplain environment (Fillmore, 1991).

The Iron Springs Formation is Cenomanian to Santonian or early Campanian in age

(Goldstrand, 1994), and is up to 3,500 feet (1,067 m) thick in the southeastern Pine Valley

Mountains (Cook, 1960); the lower 3,200 feet (975 m) is exposed in the northwest part of

the Pintura quadrangle.  The lower part was mapped as Entrada Sandstone and Dakota
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Formation by Cook (1960), but was included in the Iron Springs Formation by Goldstrand

(1994).

K unconformity

JURASSIC

Carmel Formation

Jcpr Paria River Member - Interbedded, pale to medium-gray, platy weathering, thin- to

medium-bedded, silty to clayey micrite to fine-grained calcarenite with sparse bivalve

fossils; pale gray to greenish-gray, massive to poorly laminated silty micrite; and pale

yellowish-gray, calcareous mudstone.  Deposited in a shallow-marine environment (Imlay,

1980).  Upper contact is defined by hard, platy, calcareous siltstone overlain by red-brown,

weakly consolidated mudstone of the Iron Springs Formation.  Varies from about 360 to 680

feet (110-207 m) thick.

Jccc Crystal Creek Member - Poorly exposed brown to reddish-brown, locally gypsiferous

mudstone; contains sparse bivalve fossils; typically covered by talus of platy, clayey

limestone of the Paria River Member.  Deposited in coastal sabkha and tidal-flat

environments (Imlay, 1980).  Upper contact corresponds to the top of red-brown, typically

poorly exposed gypsiferous mudstone, which is overlain by hard, platy, calcareous siltstone
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of the Paria River Member.  Varies from about 130 to 190 feet (40-60 m) thick.

Jcco Co-op Creek Limestone Member - Interbedded, pale greenish-gray calcareous mudstone

to siltstone and clayey micrite; tan, sandy bioclastic limestone to calcareous sandstone

containing disarticulated bivalve, mollusk, and oyster shells and, locally, Pentacrinus sp.

crinoid columnals; siltstone and micrite have moderately to poorly defined bedding and are

resistant; mudstone forms slopes and is poorly exposed; tan, sandy bioclastic limestone to

calcareous sandstone marks the top of the member.  Deposited in a shallow-marine

environment (Imlay, 1980).  Varies from about 360 to 450 feet (110-137 m) thick.

J-2 unconformity

Jtc Temple Cap Formation - Lower part is reddish-brown gypsiferous mudstone interbedded

with sandstone and siltstone and local massive gypsum; upper part is pale pinkish-gray,

gypsiferous mudstone to siltstone.  Deposited in coastal sabkha and tidal-flat environments

(Blakey, 1994; Peterson, 1994).  Varies from 0 to about 50 feet (0-15 m) thick.  Included in

upper part of Navajo Sandstone where too thin to show on map.

J-1 unconformity
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Jn Navajo Sandstone - Pale reddish-orange, reddish-brown, or white, fine- to medium-grained

eolian sandstone (quartz arenite); characterized by trough cross-bedding and well-rounded

quartz grains that have frosted surfaces due to abrasion.  The lower 100 to 150 feet (30-46

m) is composed of interbedded, fine-grained sandstone, siltstone, and shale that vary from

internally structureless to moderately laminated, with gently wavy to flaser-like laminae and

soft-sediment deformation features including diapiric and load structures; reddish-brown,

fissile to massive siltstone and fine-grained sandstone; and 1- to 3-foot-thick (0.3-1 m) beds

of eolian sandstone.  Sansom (1992) interpreted this part of the Navajo to have been

deposited in a sabkha, representing a transition from fluvial deposition of the underlying

Kayenta Formation to eolian deposition of the main part of the Navajo Sandstone.  Upper

contact characterized by orange to pale gray, cross-bedded eolian sandstone overlain by deep

reddish-brown, structureless to poorly bedded sandstone and gypsiferous siltstone of the

Temple Cap Formation.  About 2,300 feet (701 m) thick.

Jk Kayenta Formation - Interbedded, reddish-brown to orange-red, thin- to medium-bedded,

fine-grained sandstone, siltstone, and mudstone with planar to ripple laminae; a thin, pale

gray-weathering dolomite bed is present in the southwest part of the quadrangle.  Deposited

in distal river, playa, and minor lacustrine environments (Sansom, 1992; Blakey, 1994;

Peterson, 1994).  Only the upper 455 feet (139 m) is exposed in section 1 of T. 41 S, R. 12

W., in the southwest part of the quadrangle.  The Kayenta Formation is 925 feet (282 m) in
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the adjacent Harrisburg Junction quadrangle (Biek, 1997).

Moenave Formation

Jm Moenave Formation, undivided - shown on cross section only.

Jms Springdale Sandstone Member - Medium to very thick-bedded, fine-grained or rarely

medium-grained sandstone, with planar and low-angle cross-stratification, and minor, thin,

discontinuous lenses of intraformational conglomerate and thin interbeds of moderate-

reddish-brown or greenish-gray mudstone and siltstone; contains locally abundant petrified

and carbonized fossil plant remains.  Forms rounded cliffs and ledges at the northwest end

of White Reef and is host to the ore deposits of the Silver Reef mining district.  Deposited

in braided-stream and minor flood-plain environments (Clemmensen and others, 1989;

Blakey, 1994; Peterson, 1994; DeCourten, 1998).  The upper contact is conformable and

corresponds to the first appearance of thin-bedded, reddish-brown, fine-grained silty

sandstone that overlies very thick bedded, rounded-weathering Springdale Sandstone.  About

100 feet (31 m) thick.

Jmw Whitmore Point Member -  Interbedded, pale-reddish-purple, greenish-gray, and blackish-

red mudstone and claystone, lesser moderate-reddish-brown very fine- to fine-grained

sandstone and siltstone, and uncommon dark-yellowish-orange micaceous siltstone and very

fine- to fine-grained, very pale-orange sandstone; weathers to poorly exposed, brightly
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colored slopes; contains several 3- to 18-inch-thick (8-120 mm), bioturbated, cherty,

dolomitic limestone beds with algal structures and fossil fish scales of Semionotus

kanabensis (Hesse, 1935; Schaeffer and Dunkle, 1950); the dolomitic limestones vary in

color from light greenish gray, very light gray and yellowish gray, and weather to mottled

colors of pale yellowish orange, white, yellowish gray, and pinkish gray, commonly with

green copper-carbonate stains; lower 25 feet (8 m) consists of reddish-brown sandstones

similar to those of the Dinosaur Canyon Member.  Forms a mostly covered slope at the

northeast end of White Reef.  The Whitmore Point Member is  conformably overlain by the

Springdale Sandstone, although local channeling and mudstone rip-up clasts are present at

the contact.  Deposited in flood-plain and lacustrine environments (Clemmensen and others,

1989; Blakey, 1994; Peterson, 1994; DeCourten, 1998).  About 60 feet (18 m) thick.

Jmd Dinosaur Canyon Member - Interbedded, generally thin-bedded, moderate-reddish-brown

to moderate-reddish-orange, very fine- to fine-grained sandstone, very fine-grained silty

sandstone, and lesser siltstone and mudstone with planar, low-angle, and ripple cross-

stratification.  Forms a slope at the northeast end of White Reef.  The contact with the

Whitmore Point Member is conformable and gradational and corresponds to the base of a 6-

to 18-inch-thick (0.1-0.4 m), light-gray, bioturbated, dolomitic limestone with algal

structures and reddish-brown chert blebs.  About 25 feet (7.5 m) of brown sandstone typical

of the Dinosaur Canyon Member overlies the dolomitic limestone and is included in the
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Whitmore Point Member.  Deposited in fluvial and flood-plain environments (Clemmensen

and others, 1989; Blakey, 1994; Peterson, 1994; DeCourten, 1998).  About 200 feet (61 m)

thick.

J-0 unconformity

TRIASSIC

Chinle Formation

TRcp Petrified Forest Member - Variably colored mudstone, claystone, siltstone, lesser sandstone

and pebbly sandstone, and minor chert and nodular limestone; swelling mudstones and

claystones are common throughout and although typically poorly exposed, their bright

purple, grayish-red, dark reddish-brown, light greenish-gray, brownish-gray, olive-gray, and

similar hues locally show through to the surface; bentonitic mudstones weather to a

�popcorn� surface and are responsible for numerous building foundation problems in the

region; commonly forms slumps, especially along steep hillsides.  Only the lower part of

member is exposed east of Toquerville, and the upper part at White Reef.  The upper contact

corresponds to the first appearance of reddish-brown, non-bentonitic siltstone and fine-

grained sandstone, below which lies brightly colored swelling mudstones with nodular

limestone.  Deposited in a variety of fluvial, flood-plain, and lacustrine environments

(Stewart and others, 1972; Dubiel, 1994; DeCourten, 1998).  About 400 feet (121 m) thick.
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TRcs Shinarump Conglomerate Member -  Laterally and vertically variable sequence of cliff-

forming, fine- to very coarse-grained sandstone, pebbly sandstone, and lesser pebbly

conglomerate; clasts are subrounded quartz, quartzite, and chert; mostly thick to very thick-

bedded with both planar and low-angle cross-stratification, although thin, platy beds with

ripple cross-stratification occur locally; predominantly pale- to dark-yellowish orange, but

pale-red, grayish-red, very pale-orange, and pale-yellow-brown hues are common; heavily

stained by iron-manganese oxides, locally forming �picture stone�; contains poorly preserved

petrified wood and plant debris, commonly replaced in part by iron-manganese oxides.

Exposed in the southeast corner of the quadrangle east of Toquerville.  The upper contact

corresponds to the first appearance of varicolored, swelling mudstone.  Deposited in braided

streams that flowed north and northwest (Stewart and others, 1972; Dubiel, 1994;

DeCourten, 1998).  About 120 feet (37 m) thick.

TR-3 unconformity

Moenkopi Formation

TRm Moenkopi Formation, undivided - West-dipping, fault-bounded blocks of lower, middle,

or upper red strata along the Hurricane fault zone.

TRmu Upper red member - Interbedded, mostly thin- to medium-bedded, moderate-reddish-
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orange to moderate-reddish-brown siltstone, mudstone, and very fine- to fine-grained

sandstone with planar, low-angle, and ripple cross-stratification; well-preserved ripple marks

are common.  Forms ledgy slopes and cliffs in fault-bounded block east of Toquerville.  The

upper, unconformable contact shows minor channeling at the base of the Shinarump

Conglomerate.  Deposited in a tidal-flat environment (Stewart and others, 1972; Dubiel,

1994).  About 200 feet (61 m) thick.

TRms Shnabkaib Member - Forms �bacon striped,� ledgy slopes of laminated to thin-bedded,

gypsiferous, pale-red to moderate-reddish-brown mudstone and siltstone, resistant, white to

greenish-gray gypsum and lesser thin, laminated, light-gray dolomite beds; gypsum is

present as laterally continuous, structureless beds, finely laminated, commonly silty or

muddy beds, and nodular intervals that range from less than one inch to about 9 feet (0.01

to 3 m) thick; gypsum also present as secondary cavity fillings and cross-cutting veins;

weathers to soft, punky, gypsiferous soils.  Present in fault-bounded block east of

Toquerville.  Upper, conformable and gradational contact corresponds to the top of the

highest thick gypsum bed.  Deposited in a variety of supratidal, intertidal, and subtidal

environments on a broad, coastal shelf of very low relief (Lambert, 1984).  Probably about

350 feet (107 m) thick. 

TRmm  Middle red member - Interbedded, laminated to thin-bedded, moderate-reddish-brown to
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moderate-reddish-orange siltstone, mudstone, and very fine-grained sandstone; white to

greenish-gray gypsum beds and veins are common, and lower part includes several thick

gypsum beds.  Forms slopes along the east side of the Hurricane Cliffs.  Upper, conformable

and gradational contact corresponds to the base of the first thick gypsum bed.  Deposited in

a tidal-flat environment (Stewart and others, 1972; Dubiel, 1994).  Probably about 200 feet

(61 m) thick.

TRmv Virgin Limestone Member - Very pale-orange to yellowish-gray, finely crystalline

limestone and silty limestone, light-gray to light-olive-gray, coarsely crystalline, fossiliferous

limestone with locally abundant circular and five-sided crinoid columnals, gastropods, and

brachiopods, and siltstone and mudstone; mudstone and siltstone has variable gray, yellowish

gray, and grayish purple hues.  Forms three limestone ledges separated by poorly exposed

mudstone slopes on the east side of the Hurricane Cliffs.  Upper, conformable contact

corresponds to the top of the uppermost Virgin limestone bed.  Deposited in a variety of

shallow-marine environments (Dubiel, 1994).  About 120 to 270 feet (37-82 m) thick.

TRml Lower red member - Interbedded, laminated to thin-bedded, moderate-reddish-brown

mudstone and siltstone with local, thin, laminated, light-olive-gray gypsum beds and

veinlets.  Forms slopes on the east side of the Hurricane Cliffs, and fault blocks east of

Toquerville.  Upper, unconformable contact corresponds to the base of the first Virgin

limestone bed.  Deposited in a tidal-flat environment (Stewart and others, 1972; Dubiel,
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1994).  About 250 to 315 feet (76-96 m) thick.

TRmt Timpoweap Member����������	�
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7DEOH �� :DWHU ZHOOV LQ WKH 3LQWXUD TXDGUDQJOH��

,'
�

3RLQW RI 'LYHUVLRQ
�

6HF
�

7
�

5
�

� 6 ��� : ��� (� �� �� 6 �� :

� 6 ��� : ��� (� �� �� 6 �� :

� 1 ��� : ��� 6� �� �� 6 �� :

� 6 ���� : ��� 1( � �� 6 �� :

� 6 ��� : ��� (� � �� 6 �� :

� 6 ���� ( ��� :� � �� 6 �� :

� 6 ���� ( ��� :� � �� 6 �� :

� 6 ���� ( ��� :� � �� 6 �� :

� 1 ���� ( ���� 6: �� �� 6 �� :

�� 1 ���� ( ��� 6: �� �� 6 �� :

�� 1 ��� ( ��� 6� �� �� 6 �� :

�� 6 ��� ( ��� 1� �� �� 6 �� :

�� 6 ���� : ��� 1� �� �� 6 �� :

�� 6 ��� : ���� 1� �� �� 6 �� :

�� 1 ��� ( ��� 6� �� �� 6 �� :

�� 1 ��� ( ��� 6� �� �� 6 �� :

�� 1 ��� ( ���� 6: �� �� 6 �� :

�� 6 �� ( ���� 1: � �� 6 �� :

�� 6 ��� ( ��� 1: � �� 6 �� :

�� 6 ��� : ��� 1( � �� 6 �� :

�� 6 ���� ( ��� 1: � �� 6 �� :

�� 6 ���� : ��� 1( � �� 6 �� :

�� 6 ���� : ��� 1 � �� 6 �� :

�� 6 ���� ( ���� 1� � �� 6 �� :

�� 6 ���� ( ���� 1� � �� 6 �� :

�� 6 ���� ( ��� 1� � �� 6 �� :

�� 1 ���� : ���� 6( �� �� 6 �� :

�� 1 ���� : ���� 6( �� �� 6 �� :

�� 6 ���� ( ���� 1: �� �� 6 �� :

�� 6 ��� ( ��� 1: �� �� 6 �� :

�� 6 ��� : ���� (� �� �� 6 �� :

�� 6 ��� ( ��� 1: � �� 6 �� :

�� 6 ���� : ���� 1: � �� 6 �� :

�� 1 ���� ( ���� 6: �� �� 6 �� :

�� 6 ��� : ���� 1( � �� 6 �� :

1RWHV

�� 'DWD IURP 8WDK 'LYLVLRQ RI :DWHU 5LJKWV �KWWS���QUZUW�#VWDWH�XW�XV��

�� &RUUHVSRQGV WR QXPEHU RQ ILJXUH �D�

�� /RFDWLRQ LV JLYHQ LQ �3RLQW RI 'LYHUVLRQ� �32'� QRWDWLRQ� 1:� 1(� 6:

DQG 6( UHIHU WR WKH QRUWKZHVW� QRUWKHDVW� VRXWKZHVW� DQG VRXWKHDVW

VHFWLRQ FRUQHUV� UHVSHFWLYHO\� 1�� 6�� (�� DQG :�  PLGSRLQW RI

QRUWKHUQ� VRXWKHUQ� HDVWHUQ� DQG ZHVWHUQ VHFWLRQ ERXQGDU\ OLQHV�

UHVSHFWLYHO\� 6HF  6HFWLRQ� 7  7RZQVKLS� 5  5DQJH�

([DPSOH� ZHOO � LV ORFDWHG ��� IHHW VRXWK DQG ��� IHHW ZHVW RI WKH

PLGSRLQW RI WKH HDVW ERXQGDU\ OLQH RI VHFWLRQ �� LQ 7RZQVKLS �� 6RXWK�

5DQJH �� :HVW� UHODWLYH WR WKH 6DOW /DNH ���� %DVH /LQH DQG 0HULGLDQ�



7DEOH �� 6SULQJV LQ WKH 3LQWXUD

TXDGUDQJOH��

,'
�

1DPH &)6
�

3RLQW RI 'LYHUVLRQ
�

6HF
�

7
�

5
�

� 'HHU 6SULQJ ����� 1 ���� ( ���� 6: �� ��6 ��:

� %OXH 6SULQJ ����� 1 ���� : ��� 6( �� ��6 ��:

� 8QQDPHG 6SULQJ ����� 1 ���� : ���� 6( �� ��6 ��:

� 8QQDPHG 6SULQJ ����� 6 ���� : ���� 1( � ��6 ��:

� 8QQDPHG 6SULQJ ����� 6 ���� : ���� 1( � ��6 ��:

� 8QQDPHG 6SULQJ ����� 6 ���� : ���� 1( � ��6 ��:

� 'DQLVK 5DQFK 'RPHVWLF 6SULQJ�6WUHDP ����� 6 �� ( ��� 1: � ��6 ��:

� 'DQLVK 5DQFK 'RPHVWLF 6SULQJ�6WUHDP ����� 1 ��� : ���� (� �� ��6 ��:

� 7RTXHUYLOOH 6SULQJV ����� 1 ���� ( ��� 6� �� ��6 ��:

1RWHV

�� 'DWD IURP 8WDK 'LYLVLRQ RI :DWHU 5LJKWV
�KWWS���QUZUW�#VWDWH�XW�XV��

�� &RUUHVSRQGV WR QXPEHU RQ ILJXUH ��

�� :DWHU ULJKW LQ FXELF IHHW SHU VHFRQG�

�� /RFDWLRQ LV JLYHQ LQ �3RLQW RI 'LYHUVLRQ�
QRWDWLRQ� 6HF  6HFWLRQ� 7  7RZQVKLS�

5  5DQJH� ([DPSOH� VSULQJ � LV ORFDWHG
����� IHHW QRUWK DQG ����� IHHW HDVW RI WKH
VRXWKZHVW

FRUQHU RI VHFWLRQ �� LQ 7RZQVKLS �� 6RXWK�
5DQJH �� :HVW� UHODWLYH WR WKH 6DOW /DNH
���� %DVH /LQH

DQG 0HULGLDQ� 1�� 6�� (�� DQG :�  
PLGSRLQW RI QRUWKHUQ� VRXWKHUQ� HDVWHUQ�
DQG ZHVWHUQ�

UHVSHFWLYHO\� VHFWLRQ ERXQGDU\ OLQHV�



7DEOH �� 2LO�WHVW ZHOOV LQ WKH 3LQWXUD TXDGUDQJOH��

(OHYDWLRQ 'HSWK

,'� 2SHUDWRU :HOO 1DPH 6SRW� 6HF� 7� 5� $3, 1XPEHU� <HDU �IHHW� �IHHW� )RUPDWLRQ 7RSV�

$ 1HSWXQH ([SORU� &R� ���� )('(5$/ ���� )1/ ��� )(/ �� �� 6 �� : ���������� ���� ���� ���� /RJ QRW DYDLODEOH�

% 3DQ $PHULFDQ &R� � 3,1785$ 81,7 ��� )6/ ��� ):/ �� �� 6 �� : ���������� ���� ���� ���� &+1/ ���� 6503 �����

01.3 ����� .,%% �����

4173 ����� 3.21 �����

&/9/ ����� 0663 �����

'911 ����

& 6XQ 2LO &R� � 81,7 ��� )6/ ��� ):/ �� �� 6 �� : ���������� ���� ���� ���� &+1/ ���� 6503 �����

01.3 ����� .,%% ����

' 3HDVH 2LO 	 *DV &R� ���� )('(5$/ ���� )1/ ���� ):/ �� �� 6 �� : ���������� ���� ���� ���� +566 ����� '911 ����

( 0F&XOORFK 2LO &R� � *297�:2/) �� )1/ ���� ):/ �� �� 6 �� : ���������� ���� ���� ���� )8/7 ���� 0663 ����

'911 ����� )8/7 �����

7' ,1 &0%5

) 7LWDQ 2LO &R� ���&� 67$7( ��� )1/ ���� )(/ �� �� 6 �� : ���������� ���� ���� ���� 4173 ����� 3.21 �����

&/9/ ����

* %XWWHV 2LO 	 *DV &R� 3HDVH )HGHUDO �� ���� )6/ ���� )(/ �� �� 6 �� : ���������� ���� ���� ���� /RJ QRW DYDLODEOH�

1RWHV

�� 'DWD IURP 8�6� %XUHDX RI 5HFODPDWLRQ�

�� &RUUHVSRQGV WR OHWWHU RQ ILJXUH �D�

�� /RFDWLRQ LV JLYHQ DV GLVWDQFH LQ IHHW IURP VHFWLRQ OLQHV� )1/  IURP QRUWK OLQH� )6/  IURP VRXWK OLQH� )(/  IURP HDVW OLQH� ):/  IURP ZHVW OLQH�

6HF  6HFWLRQ� 7  7RZQVKLS� 5  5DQJH� UHODWLYH WR ���� 6DOW /DNH %DVH /LQH DQG 0HULGLDQ�

�� 3HWUROHXP ,QIRUPDWLRQ �3,� GDWDEDVH

QXPEHU�

�� 'DWD IURP 3, GDWDEDVH DQG 8*6 XQSXEOLVKHG UHFRUGV� )RUPDWLRQ WRSV DUH LQ IHHW� &+1/  &KLQOH )P�� &/9/  &DOOYLOOH /LPHVWRQH� &0%5  &DPEULDQ�

'911  'HYRQLDQ OLPHVWRQH� )8/7  IDXOW SODQH� +566  +RUHVHVKRH 0HVD 0HPEHU RI 5HGZDOO /LPHVWRQH �0LVVLVVLSSLDQ�� .,%%  .DLEDE /LPHVWRQH�

01.3  0RHQNRSL )P�� 0663  0LVVLVVLSSLDQ OLPHVWRQH� 3.21  3DNRRQ )P�� 4173  4XHDQWRZHDS 6DQGVWRQH� 6503  6KLQDUXPS &RQJORPHUDWH 0HPEHU RI

&KLQOH )P� 7'  WRWDO GHSWK�
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CORRELATION OF QUATERNARY UNITS

Qa
Qaf1 Qc Qes

Qco

Qf

? ? ?

? ? ?
Qalo1-3 Qago Qafo

? ?

Qmto

Qmt

? ? ?

Qmso

Qmsy

?

Qmfo

?

?

Qac
Qafc

Qcaf

Qae

Qeca

Qea

? ? ?

? ?

Qbp

Qafo Qafo

Qe Qa

?

?

?

Qaec

Qaf2

Qal1

Qat2

Qat3

Qat4

Qat5

Qat6



TIME
STRAT.
UNIT

FORMATION SYMBOL THICKNESS
in feet (m)

LITHOLOGY

M
io

ce
n

e

L
o

w
e

r Monzonite of the
Pine Valley Mountains

Tip

~100 (~30)Pine Valley latite Tvp

450+ (137+)

Bauers Tuff Member of
Condor Canyon Formation

Tccb ~40 (~12)

Leach Canyon Formation Tl

Oligocene Brian Head Formation(?) Tbh? ~30 (~9)

Tcu upper

1,090 (332)Tcl

520 (159)

Claron
Formation

E
o

ce
n

e

Paleocene Canaan Peak Formation TKcp

KisIron Springs Formation

U
p

p
e

r

C
re

ta
ce

o
u

s

Paria River Member Jcpr

Crystal Creek Member Jccc

Co-op Creek
Limestone Member Jcco

Jtc

Carmel
Formation

Temple Cap Formation

M
id

d
le

~100 (~30)

<119 (<36)

3,200+ (975+)

360-680
(110-207)

130-190
(40-60)

360-450
(110-137)

0-50 (0-15)

Ju
ra

ss
ic

Lower

Quaternary

Basalt flows

Surficial deposits

Qbp

Q

Combined as unit Tv
on cross section A-A’

0-150+ (0-46+)

0-1,140
(0-348)

lower

K-feldspar megacrysts

soft-sediment
deformation

gypsum



Navajo Sandstone Jn

Kayenta Formation Jk

JmsSpringdale Sandstone Member 100 (31)

Whitmore Point Member Jmw 60 (18)
Moenave
Formation

Ju
ra

ss
ic

L
o

w
e

r

Dinosaur Canyon Member Jmd 200 (61)

RT cpPetrified Forest Member 400 (121)Chinle
Formation

U
p

p
e

r

T csR
Shinarump Conglomerate
Member 120 (37)

upper red member T muR
Middle

Virgin Limestone Member T mvR

lower red member T mlR

Timpoweap Member T mtR 50-180 (15-55)

Moenkopi
FormationT

ri
a

ss
ic

L
o

w
e

r

Rock Canyon
Conglomerate Member T mrR 0-96 (0-29)

Harrisburg Member Pkh 120-180 (37-55)
Kaibab
Formation Fossil Mountain Member Pkf

Woods Ranch Member Ptw 120-250 (37-76)
Toroweap
Formation Brady Canyon  &

MembersSeligman Ptbs 250-285 (76-87)

Queantoweap
Sandstone

Pqu

P
e

rm
ia

n

L
o

w
e

r

~2,300
(~701)

455+
(139+)

200 (61)

Shnabkaib Member T msR 350 (107)

middle red member T mmR 200 (61)

120-270 (37-82)

250-315 (76-96)

240-280 (73-85)

1,300-1,630
(396-497)

Pakoon Formation Pp

Callville Limestone P PcPennsylvanian

Redwall LimestoneMississippian Mr

DuDevonian Devonian, undivided

Shown only on
cross section A-A’

300 (91)

285 (87)

1,220 (372)

570+ (174+)

TIME
STRAT.
UNIT

FORMATION SYMBOL THICKNESS
in feet (m)

LITHOLOGY

upper
member

lower
member 120-800 (37-244)Pql

Combined as unit Jm
on cross section A-A’

gypsum

High-angle
cross beds

Transition
zone

gypsum
white chert

brachiopods
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S
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DD

D

DDD

D

D

D

D

D

D Ç

N

Ç

Ç

Ç

Ç

Ç

Ñ

Ñ

( (
( (

(
( (

( (
( (

(

( ( (

( ( ((

((((((((((((

( (

(((((( ( ( ((((((

) ) ) ) )
) )

( (

( (
( (

( (
(

(

28

42

41

40

50

45

55

20

30
20

2038

3

2

3

75

33

40
25

20
23

30

55

55

85

42

9

6

20

65

24
25

28
78

80

40

33

33

30

4

3

7

6

23

20

3

2

2

12

6

9

35

30

50

32

35

23

20

23

25

24

27

21

58

40

25

45

32

6

82

62

4

70

55

65

35

75

20

15
60

20

45

70
80

QafoQafo

Jk

Qal1

Jn

Jk

Qafo Qc

Qc

Qafo

Qal1

Qafo

Qal1
Jn

Qmt

Jn

Jn

Jtc
Qaf1Jcco

Qmso

Qaf1
Jcco

Jccc
Jcpr

Kis

Qmso

Qmso

Jcpr
Jccc

Kis

Jcco

Qaf1

Jccc

Jcpr

Kis

Qmso

Qea

Qea

QeaQea

Qea
Qea

Qea

Qea

38

28

20

21

22

26

20

50

28

75
15

55

37
33

32

80

53

55

8

16

TRml

TRmv

TRmv

Pkf

Pkh

TRmt

TRml

Qmt

TRmlTRmt
PkhTRml

Pkf Qmt

TRml
TRmv

TRml

Qmt

Qmsy

TRml

Qaf1

Qal1

TRml

TRml

Qmt Qaf1

Qmt

TRmm

Qaf1

TRmm

Qac

TRmt
TRmr

Pkh

Qmt
TRmv

TRmv

TRmv
TRmm

Pkh

PtwPtbs

Pkh

Ptw

Ptbs

Qmt

Pkf

Pkf

Pkf

Ptw

Ptbs
TRmt

TRmv

Pqu

Qmt

Pqu

Pqu

Pqu
TRm

TRms

Pu

QmtPqu

Pqu

Qac

TRm

TRm
Qac

Qmt

Qac

Pp

Pqu

PpQac

Qf

TRm

TRm

TRml

Pkh
TRml TRml

Qmt

TRmt
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